Adrenaline is commonly used to prolong the duration of subarachnoid anaesthesia, but its efficacy is controversial when hyperbaric lignocaine is used. In a double-blind trial, Chambers and colleagues [1] found that adrenaline 0.1-0.3 mg did not produce a meaningful prolongation of duration. One criticism of this study [2] was that the population studied was older than in previous studies, but the results of Spivey [3] in term parturients substantiated those of Chambers and colleagues. There is no general agreement, however, because Leicht and Carlson [4] showed that adrenaline 0.3 mg significantly increased both the time for two-segment regression and the time to regression to T12. Therefore, the present study was undertaken in elderly subjects to assess a possible effect of adrenaline on the duration of the subarachnoid anaesthesia produced by hyperbaric lignocaine.
SUMMARY
The effects of adrenaline on the duration of spinal anaesthesia induced with hyperbaric lignocaine were investigated in 60 elderly patients in a double-blind study. Each patient received 5% lignocaine 2 ml in 7.5% dextrose to which was added physiological saline 1 ml, 1:1000 adrenaline 0.2 ml (0.2 mg) plus normal saline 0.8 ml, or adrenaline 0.4 ml with normal saline 0. 6 
ml. The duration of sensory block (measured by two-and four-segment regression times, and times to regression to T12 and L2 dermatomes)
was prolonged significantly by both doses of adrenaline. The addition of adrenaline also produced a significant increase in the duration of complete motor block. and 0.8 ml of physiological saline solution. Group III (n = 20) received 5 % lignocaine 2 ml in 7.5 % dextrose with adrenaline 0.4 ml (0.4 mg) and physiological saline solution 0.6 ml. The adrenaline and physiological saline were added at the time of injection. Patient characteristics are shown in table I.
Premedication was with fiunitrazepam 0.5-1 mg by mouth about 90 min before the induction of anaesthesia. Immediately before induction of anaesthesia, an 18-gauge cannula was inserted to an arm vein, and 300 ml of lactated Ringer's solution was infused. This was repeated after the injection of the spinal anaesthetic. The patient was placed in the lateral decubitus position, on a horizontal operating table. Under aseptic conditions, lumbar puncture was performed with a 22-or 19-gauge spinal needle at the L3-4 intervertebral space using either a midline or a paramedian approach. All injections were made at a rate of about 1 ml over 4-5 s and all solutions Resting arterial pressure was determined during the preoperative visit on the day before surgery [7] . When the clinical condition permitted, and with the return of active lower limb movements, the patient was returned to the surgical ward and kept supine for 12 h. All data are presented as means + standard deviation (SD), together with medians and ranges. Median values of ordinal data were compared using the Kruskal-Wallis test. Mean values of quantitative data were compared using one-way analysis of variance (ANOVA) and appropriate Student's test.
were at room temperature. Immediately after the injection, the patient was placed in the supine horizontal position for the duration of surgery.
The time of completion of the injection of the local anaesthetic solution was used as the basis for the measurement of all time intervals. The level of sensory block was evaluated bilaterally in the mid-clavicular line, on the perineum and on the legs, by pinching with a Pean forceps at 2-min intervals for 30 min and, thereafter, at 15-min intervals until no sensory loss could be detected. Sensory blockade was considered complete when the patient did not respond when the forceps was closed to its first ratchet [5] . When the levels of blockade were unequal on the two sides, the higher was used for statistical purposes. Motor blockade was assessed at the same time as sensory block using the criteria described by Bromage [6] : 0 = no impairment of movement of legs or feet; 1 = barely able to flex knees, no impairment of movement of feet; 2 = unable to flex knees, barely able to move feet; 3 = unable to move feet or knees. The times to recovery from blockade in the two and four uppermost segments, and to recovery at the T12 and L2 dermatomes were noted. Test procedures were performed by two specially trained anaesthetic nurses who were unaware of the nature of the study and were not present at the time of injection.
Arterial pressure and heart rate (Dinamap, Critikon) were measured at 2.5-min intervals throughout anaesthesia and surgery, and at intervals of 15-min during recovery. The ECG was monitored continuously using lead CM5 configuration during induction of anaesthesia and RESULTS There were no significant differences between the three groups in regard to sex, age, weight and height (table I) . Median maximal levels of blockade (T9-T7) were similar in the three groups (table II) . Although the time to maximal segmental level varied greatly in all groups (range 4-16min) the mean values did not differ significantly. The time for regression of the level of blockade by two sensory dermatomes was significantly greater in groups II and III ( + 46% and +53 %, respectively). The mean time for the sensory block to regress by four segments below the maximum was significantly prolonged with the addition of adrenaline 0.2 or 0.4 mg ( + 42 % and +49%, respectively). Compared with group I, the mean time for regression of the level of blockade to T12 was significantly longer in group II ( + 45 min, +69%) and in group III ( + 61 min, +94%). Time to regression to L2 was also significantly longer with the addition of adrenaline ( + 64% and +75%, respectively). After the first 1 h, there was a significant difference in the segmental regression between lignocaine with adrenaline and lignocaine with physiological saline solution ( fig. 1 ). There was no significant difference between groups II and III with regard to two-and four-segment regression or regression to the T12 or L2 level ( this was obtained in all groups in a mean time of about 4 min (range 2-10 min). Significant differences in duration of grade 3 motor block were found between groups II and III and group I ( + 77% and + 100%, respectively). The duration of grade 2 and grade 1 motor blockade also increased with administration of adrenaline.
Resting systolic arterial pressure did not differ significantly between the groups (table IV). The BRITISH JOURNAL OF ANAESTHESIA mean maximal decreases in systolic arterial pressure from the resting values were between 22 and 26%. Ten patients in group I, nine in group II and 12 in group III received ephedrine because of hypotension. No statistically significant difference was noticed between the groups in the amount of i.v. fluids given. Analgesia was considered to be satisfactory in all patients because no supplementation with i.v. or inhalation anaesthesia was required for pain during surgery. No postoperative headache was noticed in the reports from the nurses on the surgical unit.
DISCUSSION
Lignocaine was chosen because this local anaesthetic produced satisfactory spinal anaesthesia for patients undergoing surgery of the lower trunk of short duration. Large gauge spinal needles were used because advanced hypertrophic osteoarthritis of the vertebral column is frequent in elderly patients.
The present study showed that the addition of adrenaline 0.2 or 0.4 mg to lignocaine appeared to produce clinically useful prolongation of spinal anaesthesia. These results are in agreement with those of Leicht and Carlson [4] who found that adrenaline 0.3 mg significantly prolonged the time for regression to T12 by an average of 31 %. In man, adrenaline was found to decrease plasma lignocaine concentration [8] . However, Chambers and colleagues [1] found no prolongation of twoand four-segment regression time when adrenaline 0.1,0.2 or 0.3 mg was added to 5 % lignocaine 1.5 ml in 7.5% dextrose. They reported an increase only in times until no analgesia or anaesthesia was detectable in the adrenaline groups. Denson and others [9] , using a rhesus monkey model, also reported no prolongation of lignocaine-induced spinal sensory blockade by adrenaline 0.2 mg. In term parturients undergoing Caesarean section, Spivey [3] reported no increase in duration of spinal anaesthesia, measured by the time for two-segment regression, when adrenaline 0.2 mg was added to hyperbaric lignocaine.
The discrepancy between the present study and that of Chambers and colleagues [1] could be explained by differences in methodology. In these two studies, a wide variability of duration was noted among patients who received the same drug dose or combination. Predictability was not good: in some patients receiving added adrenaline duration of action was less than the mean for the plain solution. Taking into account this individual variation in response, it may be necessary to include more than 10 in each study group in order to show statistically significant effects. The difference in findings may also result from the subjective nature of the method used to determine the sensory level of blockade, but pinching with a forceps was taken by Moore [10] to be equivalent to pinprick and seems more reproducible in elderly patients. It is surprising that, in Chambers' study, mean cephalad spread of blockade and the times for two-and four-segment regression should have been greater in patients who received no adrenaline. As Leicht and Carlson [4] pointed out, the baricity of the local anaesthetic solutions differed in Chambers' groups because each group received a different volume of adrenaline. Furthermore, the concentration of lignocaine was greater in Chambers' control group than in the study groups. In the present study, the concentration of lignocaine was constant, and each patient received an equal volume of anaesthetic solution.
One criticism of the present study might be that all the patients received the same dose of lignocaine (100 mg in 3 ml), regardless of their height, but there was no significant difference in mean height between the groups, and there have been no controlled studies on the effect of patient height on distribution of spinal anaesthetic solution [11] .
Denson and co-workers evaluated lignocaine 30 mg with adrenaline 0.2 mg in monkeys placed in a sitting position. In spite of similarities between humans and primates in sensory and motor responses to spinal anaesthesia [13] , accurate evaluation of sensory responses in monkeys may not always be possible, as noted by Vaida and others [12] .
It is difficult to compare the effect of adrenaline on the duration of blockade between pregnant and non-pregnant patients. In term parturients [3] the use of a low dose of local anaesthetic (lignocaine 40 mg) resulted in too high a block. However in "high thin blocks", the maximum level of blockade decreased more rapidly than a comparable but more dense sensory level achieved with a larger dose. Thus one can postulate that not only the dose, but also the concentration of both local anaesthetic and vasoconstrictor influence the duration of the spinal block. It seems that, after the intrathecal injection of adrenaline, a concentration gradient develops with a progressive decrease in vasoconstrictor concentration away from the site of the injection. This could explain why adrenaline prolonged sensory blockade in the lower thoracic and lumbar segments for a longer period than in upper thoracic segments. Kozody and others [14] demonstrated in dogs that lignocaine 100 mg administered intrathecally increased lumbosacral cord blood flow by an average of 138 % at 40 min, but did not alter cervical or thoracic cord blood flow. This increase was prevented by the addition of adrenaline 0.2 mg to intrathecal lignocaine.
In older patients, arterial hypotension was more common than in younger ones during spinal anaesthesia [15] . Thus, it might be expected that the combination of adrenaline and hypotension in elderly patients could be associated with a risk of anterior spinal artery thrombosis. In this respect, great care was needed in preventing or treating hypotension.
In conclusion, the results of this study confirm that adrenaline 0.2 mg or 0.4 mg added to hyperbaric lignocaine prolongs significantly the duration of spinal anaesthesia in elderly patients.
